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ABSTRACT
Voyager 2 images confirmed the presence of ring arcs around Neptune. These struc-
tures need a confinement mechanism to constrain their spreading due to collisions, dissipative
forces, and differential keplerian motion. Here we report the results of a set of numerical
simulations of the system formed by Neptune, the satellite Galatea, dust ring particles and
hypothetical co-orbital satellites. This dynamical system depicts a recent confinement mech-
anism formed by four co-orbital satellites being responsible for the azimuthal confinement of
the arcs, while Galatea responds for their radial confinement. After the numerical simulations,
the particles were divided into four groups: particles that stay in the arcs, transient particles,
particles that leave the arcs to the Adams ring and particles that collide with the co-orbital
satellites. Our results showed that in all arcs the lifetime of the smaller particles is at most
50 years. After 100 years about 20% of the total amount of larger particles is still present
in the arcs. From our numerical simulations, the particles should be present in all arcs after
30 years, the period between the discovery of the arcs up to now. Our results can not explain
the disappearance of the leading arcs, Liberté and Courage, unless the arcs are formed by dif-
ferent particle sizes. Analysis of the dust production, due to collisions between interplanetary
debris onto the surface of the co-orbital satellites, ruled out the hypothesis that small satellites
close to or in the arc structure could be its source.
Key words: planets and satellites: rings, dynamical evolution and stability
1 INTRODUCTION
The arcs, previously detected by stellar occultation in 1984
(Sicardy et al. 1991), are the densest parts of the tenuous Adams
ring (Hubbard et al. 1986). The Liberté, Egalité and Fraternité arcs
have azimuthal widths of about 4◦, 4◦ and 10◦, respectively, while
the Courage arc has 2◦ of azimuthal width; all of them have about
15km of radial width.
Corotation and Lindblad resonances are essential to the con-
finement mechanism. The corotation resonance prevents the arc
of an azimuthal spreading, while the Lindblad resonance prevents
its radial spreading. A previous analysis considered the satellite
Galatea as the shepherd satellite of the four arcs (Porco 1991). The
84:86 corotation inclined resonance and the 42:43 outer Lindblad
resonance kept the radial and azimuthal widths of the arcs. The
corotation inclined resonance (CIR) induces the formation of 84
equilibrium points, although only five of them are populated by arc
particles, the Fraternité arc occupies two sites. Further data on the
mean motion of the arcs showed that their semi-major axis is dis-
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placed from the corotation resonant semi-major axis (Namouni &
Porco 2002), leaving the arcs without azimuthal confinement.
Foryta & Sicardy (1996) analysed the coupling between three
resonances with Galatea ( 84:86 CIR, 84:86 Lindblad inclined res-
onance (LIR), and 42:43 Lindblad eccentric resonance (LER)) and
its effect on the particles motion. They obtained that the eccentric-
ity forced by the LER results in collisions with relative velocities
on the order of 1m/s that drive out larger arc particles. These parti-
cles are believed to be the source of the dust observed in the arcs.
They also noticed that solar radiation pressure removes dust parti-
cles from the corotation sites in a few decades.
Recent observations obtained from the Keck II and the Hub-
ble Space Telescope showed that the arcs have changed both in
location and brightness since their discovery. All the arcs may have
decayed in intensity, and the Liberté and Courage arcs have almost
disappeared (de Pater 2005; Showalter et al. 2013).
A recent confinement model proposes that the Adams ring has
a collection of small co-orbital satellites located in specific posi-
tions (Renner et al. 2014). These co-orbital satellites would be re-
sponsible for maintaining the arc particles in stable azimuthal po-
sitions, while Galatea prevents their radial spreading. In detail, this
model consists of four small co-orbital satellites (S1, S2, S3 and S4),
where S2, S3 and S4 are azimuthally placed at longitudes Θ= 48◦,
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59◦ and 72◦, respectively, from S1 (atΘ= 0◦). The equilibrium po-
sitions of S2, S3 and S4 are close to the Lagrangian point L4 (or L5)
of the satellite S1. Besides their specific positions, to guarantee the
nominal location of the arcs in the Adams ring, their masses were
accurately calculated to keep them in stable positions (Renner et
al. 2014). For a density of 1 g/cm3, the larger co-orbital satellite
has a radius of 5.2km and the smallest one has a radius of 1.1km
(Renner et al. 2014), all below the detection limit of the Voyager
instruments and the recent telescopes’ data.
A recent paper by Hearn et al. (2019) studied the dynamics of
multiple massive bodies in corotation resonance through numerical
simulations. Their results showed that the bodies exchanged an-
gular momentum and energy during the encounter which changes
their orbits. Although it does not mean that if one body moves
closer to the resonance the other would move further from the reso-
nance. They explained that this occurs because the timescale of the
close encounters is short when compared with the synodic period
of the particles and the body. They argued that the exchange in the
energy may be similar to a collisional system, although a detailed
investigation is necessary.
In the current work is studied the orbital evolution of a set of
arc dust particles to estimate their lifetime. Section 2 deals with
the gravitational effects on the arc particles, no dissipative force is
included in the system. In section 3 we discuss the orbital behaviour
of the particles under the solar radiation force, while in section 4 we
analyse the dust production rate and its role as a source of the arc
particles. In the last section, we discuss our results.
2 ORBITAL EVOLUTION OF THE ARC PARTICLES
In this section, we analyse the evolution of the arc particles assum-
ing that Galatea is in a circular and equatorial orbit (case 1) and in
an inclined eccentric orbit (case 2).
The dynamical model evokes the presence of four small co-
orbital satellites (S1, S2, S3 and S4), where S2, S3 and S4 are az-
imuthally located at longitudes Θ = 48.31◦, 59.38◦ and 72.19◦,
respectively, from S1 (at Θ = 0◦) (see Table 1). Their masses are
given in Table 1.
The system is formed by Neptune, the satellite Galatea, four
hypothetical co-orbital satellites and a sample of ring arc particles.
The parameters of Neptune (mass m, radius r and the gravitational
coefficients J2 and J4) were taken from Owen et al. (1991). The
orbital elements and mass of Galatea are given in Table 2. It is ini-
tially in an eccentric (e= 0.00022) and inclined orbit (I = 0.0231◦)
at semi-major axis 61953km.
The co-orbital satellites and the arc system are initially at the
same semi-major axis (62932.7km). The eccentricity and inclina-
tion of the arcs are e= 3×10−4 and I = 0 (Table 2).
The longitude of the pericentre (ϖ) of the co-orbitals satellites
and the arc particles is 50.82◦, the same value as adopted by Porco
(1991). The true longitude of the Fraternité arc is 251.88◦.
Each arc is formed by a sample of 2000 particles randomly
chosen about 1km from the semi-major axis of the co-orbital satel-
lites and 1◦ of the angular positions 40◦, 50◦, 66.5◦ and 84◦.
Numerical simulations were performed using the variable
timestep Burlish-Stöer algorithm from Mercury package (Cham-
bers 1999) for a timespan of 1000 years. The algorithm presented
in Renner & Sicardy (2006) was used to transform the state vector
into geometric orbital elements, in order to avoid the short-period
terms caused by J2 and J4.
With these adopted initial conditions the co-orbital satellites
and the arc particles are trapped in the 42:43 Lindblad resonance
with Galatea. The resonant angle is ΦLER = 43λ − 42λG − ϖ ,
where λ and ϖ are the mean longitude and the longitude of the
pericentre of the co-orbital satellites/particles, respectively, and λG
is the mean longitude of Galatea. Figure 1 shows the resonant and
azimuthal angles (longitude of the particle in the frame rotating
with the mean motion of the co-orbital S1, Θ = λ −λS1 ) librating
for representative particles of each arc.
We analyse two cases, cases 1 and 2, as mentioned above. Fig-
ure 2 shows the variation of the eccentricity, inclination and the
azimuthal angle for a representative particle located in the Frater-
nité arc in two different dynamical systems. In case 1 Galatea is in
equatorial and circular orbit and in case 2 Galatea is in its nominal
orbit (e = 0.00022 and I = 0.0231◦). In both cases, 1 and 2, the
eccentricity of the particle varies between 2.6×10−4 to 4×10−4.
The proximity to the 42:43 corotation inclined resonance due to
Galatea affects the inclination of the particle, reaching values up to
2.6×10−4deg.
We analyse the outcome of the numerical simulations by sep-
arating the particles into four different groups. The first group is
composed of confined particles, those particles that stay in the arc
under the effects of the Lindblad resonance with Galatea for the
whole time of the numerical simulation. Figure 3 shows the varia-
tion of the eccentricity, theΦLER angle and the azimuthal angle (Θ)
as a function of time for a particle confined in the arc.
The second group is formed by transient particles, those par-
ticles that travel between different arcs. These particles can stay
in the Lindblad resonance with Galatea, but they change from one
arc to another. Figure 4 shows the temporal variation of the eccen-
tricity, ΦLER and Θ angles for a transient particle. The third group
represents those particles that leave the arc and go to the Adams
ring. Figure 5 shows the eccentricity, ΦLER and Θ angles as a func-
tion of time for a particle that leaves the arc. The particle remains,
some time, in the Lindblad resonance. The last group is composed
of those particles that collide with the co-orbital satellites.
Figure 6 shows the percentage of confined and transient par-
ticles and those that leave the arc for case 2. Both cases, 1 and 2,
have similar behaviour concerning the orbital evolution of the par-
ticles. Although the evolution of each arc (Figure 6) presents small
differences, most of the particles stay in the four arcs for the whole
time of integration, 1000 years. Some particles became transients,
travelling between the arcs, but almost none of them goes to the
Adams ring.
The Egalité and Liberté arcs are confined close to two co-
orbital satellites, but it does not mean that they are more stable than
the Fraternité and Courage arcs. The induced eccentricity caused
by Galatea leads to close encounters and collisions between the arc
particles and the co-orbital satellites.
3 ORBITAL EVOLUTION UNDER A DISSIPATIVE
FORCE
In this system where the arc particles are confined in the Lindblad
resonance due to the satellite Galatea and in the corotation reso-
nance due to hypothetical co-orbital satellites we take a step further
by including the effects of the solar radiation force (Madeira et al.
2018).
The solar radiation force is composed of two components: the
radiation pressure and the Poynting-Robertson components. The
Poynting-Robertson component provokes a decrease in the semi-
major axis of the particles in a timescale of thousands of years,
MNRAS 000, 1–9 (2015)
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Table 1. Longitude Θ and mass of the co-orbital satellites and the arc particles.
S1 S2 S3 S4 Fraternité Egalité Liberté Courage
Θ (◦) 0.00 48.31 59.38 72.19 40.00 50.00 66.50 84.00
mass (1013 kg) 60.00 0.54 1.17 0.66 – – – –
Table 2. Orbital elements and mass of Galatea and the Fraternité arc (Owen et al. 1991; Porco 1991; Renner et al. 2014; Showalter et al. 2013).
a (km) e (10−4) I (◦) ϖ (◦) Ω (◦) λ (◦) m (1018 kg)
Galatea 61953.0 2.2 0.0231 225.81 196.94 351.114 1.94
Fraternité arc 62932.7 3.0 0.0 50.82 0.0 251.88 –
(a)
(b)
Figure 1. (a) ΦLER and (b) Θ versus time for representative particles at Θ = 40◦, Θ = 50◦, Θ = 66.5◦ and Θ = 84◦ from bottom to top. The particles are
trapped in the 42:43 Lindblad eccentric resonance with Galatea and they are also azimuthally confined between the co-orbitals.
while the radiation pressure component causes a variation in the
eccentricity of the particles in a timescale of few years as shown in
Figure 7 for a set of representative particles of different sizes (1µm,
5µm, 10µm, 50µm and 100µm in radius) at the Fraternité arc.
Figure 8 shows the temporal evolution of the semi-major axis
(∆a), the resonant angle and the azimuthal angle of a 10µm sized
particle in the Fraternité arc under the effects of the Poynting-
Robertson component, the radiation pressure component and with-
out any dissipative force. Small variations in the semi-major axis
of the particle are due to the proximity to the CIR with Galatea.
The Poynting-Robertson component provokes small variations in
the ΦLER and Θ angles. This component does not remove particles
from the resonance in 1000 years, the period of the numerical simu-
lation. Variations in the eccentricity change the LER angle due to its
constrain with the longitude of the pericentre of the particle. There-
fore, the radiation pressure component can remove particles from
this resonance, as can be seen in Figure 8. Furthermore, this com-
ponent also provokes short-period oscillations in the semi-major
axis of the particles, as discussed in Madeira et al. (2018), which
also affect the Θ angle and remove the particles from the azimuthal
confinement.
We numerically simulated each arc composed of a sample of
10000 particles, 2000 particles of sizes 1µm, 5µm, 10µm, 50µm
and 100µm in radius under the effects of the solar radiation pres-
sure. We analyse the percentage of confined and transient particles
and those particles that leave the arcs and go to the Adams ring.
Figure 9 shows this percentage for particles of each size located
in the Fraternité arc. Particles at the Couragé, Liberté , and Egalité
arcs have similar behaviour.
By comparing both systems, with (Fig. 9) and without (Fig. 6)
MNRAS 000, 1–9 (2015)
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(a)
(b)
(c)
Figure 2. Time evolution of the (a) eccentricity and (c) azimuthal angle of a
particle at Θ= 41◦ with the effects of Galatea with inclination I = 0.0231◦
(case 2, in the bottom) and I = 0.0◦ (case 1, in the top). (b) The inclination
of the particle varies only for case 2.
the solar radiation pressure, we concluded that under the effects
of this dissipative force larger particles live up to 200 years. Only
under the effects of the gravitational force more than 50% of the
particles remain in the arc after 200 years. As expected, the solar
radiation force decreases the lifetime of the arcs, smaller particles
(1µm, 5µm and 10µm in radius) collide with the co-orbital satel-
lites in a very short period of time. They do not became transient
or leave for the Adams ring. The population of larger particles con-
tributes to the other arcs and also to the Adams ring: 50µm and
100µm sized particles can become transient or move to the Adams
ring. The lifetime of the smaller arc particles is about 100 years.
It is worth to point out that without the effects of Galatea the
system has a similar behaviour (Fig. 10 ).
30 years ago the arcs were imaged by Voyager 2 spacecraft.
Observations by the telescopes showed that the arcs changed in
brightness (de Pater 2005; Showalter et al. 2013). Tables 3 and 4
show the percentage of µm-sized particles in each arc and the tran-
sient particles after 30 years, respectively. 1µm sized particles are
quickly removed from the arcs, only 10% of them can survive for
Figure 3. Time variation of the eccentricity, the LER angle and the az-
imuthal angle for a confined particle.
Table 3. Percentage of µm-sized particles located in each arc after 30 years.
Fraternité Egalité Liberté Courage
1µm 9% 9% 12% 4%
5µm 20% 25% 45% 6%
10µm 33% 47% 52% 20%
50µm 75% 56% 63% 75%
100µm 82% 65% 70% 80%
30 years. The Liberté arc can hold about 45% of the 5µm sized
particles while the Courage arc only 6% of them. More than 50%
of the larger particles (50µm and 100µm in radius) can survive in
all the arcs after this period (30 years).
Table 3 shows that large particles can stay in all arcs after
30 years. These results can not explain the disappearance of the
leading arcs, Liberté and Courage, unless the population of these
arcs is formed by particles of different sizes. Although transient
particles could explain the variation in the brightness of the arcs,
the percentage of transient particles is very small.
From the confinement model, the Fraternité arc is closer to the
larger co-orbital satellite (S1), while the Egalité arc is apart from S2
for only 2◦, the Liberté arc is apart from each co-orbital (S2 and S3)
for about 7◦ and the Couragé arc is 12◦ further from S4. The arcs
are located in different configurations, which may help to explain
the small difference in the percentage of confined particles.
MNRAS 000, 1–9 (2015)
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Figure 4. Time variation of the eccentricity, the LER angle and the az-
imuthal angle for a transient particle.
Table 4. Percentage of transient particles after 30 years.
Fraternité Egalité Liberté Courage
1µm 7% 3% 3% 2%
5µm 1% 5% 1% 2%
10µm 2% 6% – 1%
50µm 2% 2% 2% –
100µm 6% 4% 6% 1%
4 DUST PRODUCTION
The arcs are temporary structures unless a source provides the par-
ticles removed from them through collisions or ejections. The co-
orbital satellites could be the source (de Pater (2005) suggested that
a moonlet immersed in the Fraternité arc can be its source) since
they can be hit by interplanetary dust particles (IDPs) that are di-
verted by the planet. These impacts usually happen at km/s, thus
they are energetic enough to eject µm-sized particles from the sur-
face of the target body.
The mass rate production (M+) created by this process de-
pends on the flux of the impactors (Fimp), the target cross-section
(S), and the ejecta yield (Y ). With these parameters the amount of
dust produced is
M+ = Fimp S Y
Sfair & Giuliatti Winter (2012) present a simple algorithm
that allows the computation of the mass rate production of the
Figure 5. Time variation of the eccentricity, the LER angle and the az-
imuthal angle for a particle that leaves the arc.
dust particles by this process. To compute Fimp it was assumed
an isotropic flux of IDPs at Neptune’s heliocentric distance of
1× 10−17 (km/m2/s) (Poppe 2016). However, the satellites are in
fact hit by an enhanced flux due to gravitational focusing by the
planet, which increases the IDPs velocity and their spatial density.
In the region of the arcs, the effective flux is increased by a factor
30.
The yield (Y ) is a measurement of the ejecta production effi-
ciency, and it can be estimated using an analytical expression pre-
sented in Koschny & Grün (2011) which is a function of the im-
pactor mass, its velocity and the proportion of silicate and ice on
the surface of the satellite. For a typical impactor of 100µm hitting
a pure ice surface, we obtain Y ∼ 7−8×103.
With all these assumptions, Figure 11 presents the mass pro-
duction rate for different sizes of satellites. The grey area in Fig-
ure 11 comes from different values of the velocities assumed for
the projectile: 2.3km/s and 3.0km/s (Sfair & Giuliatti Winter (2012)
and Poppe (2016), respectively). The IDPs population in the outer
Solar System is poorly constrained. This range covers different
models for the unfocused velocity of the projectiles: the value of
2.3km/s comes from the model proposed by Poppe (2016) where
it is assumed that the origin of the flux at Neptune comes from
the Edgeworth-Kuiper belt, while the higher value comes from a
model adjusted with measurements made by New Horizons (Poppe
(2016)).
Due to the uncertainty in the parameters, mainly by the IDPs’
flux which is poorly constrained at the heliocentric distance of Nep-
tune, the mass generated by this process must be taken with one or-
MNRAS 000, 1–9 (2015)
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Figure 6. Percentage of confined, transient and those particles that go to
the Adams ring as a function of time. The particles are under the effects of
Galatea in an eccentric and inclined orbit.
der of magnitude of uncertainty. Anyhow, even all particles being
ejected with velocities large enough to overcome the escape veloc-
ity, the dust produced by the co-orbital satellites does not contribute
significantly to the arc population.
In order to analyse how efficient this dust production mech-
anism is, it was assumed that a small satellite, 5km in radius,
produces 2× 10−4kg/s of dust (the maximum value derived from
Fig. 11). It is also assumed that all particles generated on the sur-
face of the satellite survive for at least 1 year, azimuthally confined
in an arc of about 2◦. A crude estimative of the optical depth of this
Figure 7. Temporal variation of the eccentricity of representative particles
of different sizes located in the Fraternité arc due to the radiation pressure.
(a)
(b)
(c)
Figure 8. Time evolution of (a) the semi-major axis, (b) the LER angle and
(c) the azimuthal angle (Θ= λ −λS1 ) of a particle initially at Θ= 40◦. The
10µm sized particle is under the effect of the gravitational force only, the
Poynting-Robertson component (PR) and the radiation pressure component
(RP).
MNRAS 000, 1–9 (2015)
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Figure 9. Percentage of confined, transient and particles that go to the
Adams ring as a function of time. The particles are initially at the Fraternité
arc.
arc can be obtained from the mass production ratio (2×10−4kg/s).
Assuming that the arc population is formed by particles with 1µm
in radius we can calculate the total number of particles and the area
(effective area) covered by them. The optical depth (the ratio be-
tween the effective area and the arc area) is 1×10−5, smaller than
the value 0.1 presented in Porco et al. (1995).
Therefore, even considering the best scenario, the larger satel-
lite and the smallest arc, this mechanism of dust production can not
be responsible for replenishing the arcs.
A sample of moonlets located in the arcs can disturb the or-
Figure 10. Percentage of confined, transient and particles that go to the
Adams ring as a function of time. The particles are initially at the Fraternité
arc. Galatea is not present in the system.
bital configuration of the co-orbital satellites, and consequently the
arcs. In order to analyse the size of moonlets that can change the
configuration of the system we modelled a system formed by four
co-orbital satellites, a moonlet located in the Fraternité arc, and a
particle located in each arc. Figure 12 shows the temporal variation
of Θ as a function of time for the co-orbital satellites, the moonlet
and the arc particles. We adopted moonlets with sizes 500m, 700m,
800m and 1000m in radius. For a moonlet of radius 500m and 700m
the configuration of the system is preserved, although the Frater-
nité arc particle collided with the moonlet. For larger moonlets,
MNRAS 000, 1–9 (2015)
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Figure 11. The mass production rate by satellites with different radius. The
grey area is due to different values of the velocities assumed for the projec-
tile: 2.3km/s and 3.0km/s.
Figure 12. The co-orbitals satellites and the arc particles disturbed by a
moonlet located at the Fraternité arc. Each figure shows different values of
the radius (r) of the moonlet.
the arc configuration changes significantly. Therefore, the Frater-
nité arc can have moonlets smaller than 700m in radius immersed
on it.
A secondary population of dust production can be formed by
dust produced by collisions between the arc particles onto the sur-
face of the co-orbital satellites or the immersed moonlets. The rel-
ative velocities of the dust particles are about 60m/s for a colli-
sion between a 1µm sized particle and a co-orbital, while a 100µm
sized particle hits the co-orbital satellites at about 6.5m/s. These
secondary collisions happen at velocities of a few m/s. Even dust
particles could be released from the co-orbital satellites after these
collisions, the amount is orders of magnitude smaller than direct
impacts (collisions between IDPs and the co-orbital satellites) that
happen at km/s.
Close to the Adams ring, an unnamed ring is co-orbital to the
satellite Galatea (Porco et al. 1995), at about 61953km. Numerical
simulations of the system formed by Neptune, the ring co-orbital
particles and Galatea under the effects of the solar radiation force
showed that although all small particles remained azimuthally con-
fined (no collision with Galatea was detected), the smaller particles
(1µm sized particles) performed radial oscillation of about 900km,
while larger particles (10µm in radius) oscillated about 120km. The
radial oscillations do not cross the inner edge of the Adams ring.
Notwithstanding the unnamed ring can influences the internal ring
system of Neptune, it does not cause any change in the Adams ring
and its arcs. Concerning the dust production, Galatea can produce
dust particles at a rate of approximately a hundred times faster than
the hypothetical co-orbital satellites. However, most of the grains
leave the satellite at a speed that is below the escape velocity. Thus,
it is unlikely that Galatea sustains the unnamed ring and helps to
replenish the arcs with ejecta dust particles.
5 DISCUSSION
The Adams ring arcs have been a challenger since their discovery in
1989. Confinement mechanisms have been proposed to contain the
spreading of the arc particles. Recent data have shown that two arcs
changed their intensity, while two others are fading away. In this
work we analyse the orbital evolution of the arc particles through
the recent model which proposes that co-orbital satellites (or large
unseen moonlets) can prevent the azimuthal spreading, while the
satellite Galatea keeps their radial spreading.
The dynamical system is formed by an oblate Neptune,
Galatea, dust arc particles and four hypothetical small co-orbital
satellites. After the numerical simulations, we divided the dust par-
ticles into four groups: the first group is formed by confined par-
ticles, particles that stay in the same arc trapped in corotation and
Lindblad resonances, the second group is composed of transient
particles (particles that change from one arc to another), the third
group is formed by particles that leave the corotation resonance (the
arcs) and go to the Adams ring, and the fourth group is composed
of those particles that collide with the co-orbital satellites.
When only the gravitational force is acting in the system,
about 50% of the initial population of the arcs is present after
1000 years. However, the solar radiation force changes significantly
this scenario. Approximately 25% of the initial set of smaller par-
ticles (1µm and 5µm in radius) can last about 30 years. After
50 years all smaller particles collided with the co-orbital satellites.
Larger particles lived longer, but after 100 years only 25% of the
initial population is present in the arcs. Apart from the small dif-
ferences, the four arcs have similar dynamical behaviour. None of
them presents a huge discrepancy that can, for example, explain the
disappearance of one of them, unless they are formed by particles
of different sizes.
The percentage of particles that stay in the arc is similar. From
our results the model proposed by Renner et al. (2014) does not
explain why the two leading arcs are disappearing. The Courage
arc would be fading away only if it is formed by smaller particles.
The transient particles could help to explain the difference in the
brightness of the arcs. However the percentage of them is small.
Dust production due to inter-particle collisions onto the sur-
face of large moonlets can be the source of dust particles, keeping
the arcs in a steady state. By analysing the mass production rate
in the best scenario, a large satellite (5km in radius) closes to the
smallest arc, our results showed that the satellite can not be the
only source of the arcs. Larger moonlets embedded in the arcs can
MNRAS 000, 1–9 (2015)
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help to replenish the dust particles. However, we found that moon-
lets larger than 0.7km in radius change the configuration of the
co-orbital satellites and the arcs, as proposed in the confinement
model.
Collisions may play an important role in the arcs. A recent pa-
per by Hearn et al. (2019) studied the dynamics of multiple massive
bodies in a corotation resonance. Their results showed that the bod-
ies exchanged angular momentum and energy during the encounter
which change their orbits. They argued that the exchange in the
energy may be similar to a collisional system, although a detailed
investigation is necessary.
Although no small satellite (less than 10km in radius) was de-
tected in the Adams ring, it is plausible to suppose that small bod-
ies can be part of the ring population. Placed in the right positions,
these satellites can trap a number of particles for a short period of
time, until the solar radiation force removes them from the arcs.
These co-orbital satellites may be the reminiscent of a large parent
body that brocke up, and these arcs are temporary features. This
work is under investigation.
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